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The mcp gene encoding the major capsid protein (Mcp) of vibriophage KVP40, a large-tailed DNA phage, was cloned and
sequenced. The nucleotide sequence of the mcp gene was 64.4% similar to that of gene 23 of coliphage T4. Analysis of the
N-terminal amino acid sequence of purified native Mcp revealed that the mcp gene actually coded for a precursor, pro-Mcp,
whose 62 N-terminal amino acids must be removed upon maturation to Mcp. Thus, mature Mcp would consist of 452 amino
acid residues and have a calculated molecular mass of 47,561 Da. Comparison of amino acid sequences of Mcp and gp23*,
the major capsid protein of T4, demonstrated 61.8% identity and 89.7% similarity between them. In addition, a sequence,
TATAAATA, identical to a typical T4 late promoter sequence was seen in the region upstream of the mcp gene. These findings,
together with their morphological similarity, suggest that KVP40 and T4 are phylogenetically related. © 1998 Academic Press
INTRODUCTION
We have described a novel broad-host-range vibrio-
phage, KVP40, forming plaques on strains of at least
eight Vibrio and one Photobacterium species (Matsuzaki
et al., 1992a,b). KVP40, which is a large-tailed phage
containing double-stranded DNA, is morphologically
similar, though not identical, to coliphage T4. A 27-kDa
outer membrane protein, OmpK, common to various Vibrio
species was identified as the receptor for KVP40 (Inoue et
al., 1995a,b). Sequence analyses revealed a weak similarity
between OmpK and Tsx, the receptor for phage T6 in
Escherichia coli (Manning and Reeves, 1978).
These findings suggested that KVP40 might be phylo-
genetically related to T-even coliphages. We, therefore,
compared the nucleotide (nt) sequence of the gene,
designated mcp, encoding the major capsid protein
(Mcp) of KVP40 with the reported sequence of the cor-
responding gene 23 of coliphage T4 (Parker et al., 1984).
The results presented here show about 60% similarity in
both nt and deduced amino acid (aa) sequences of these
genes. To our knowledge, this is the first vibriophage
exhibiting some genetic relatedness to coliphage T4.
RESULTS
KVP40 Mcp
KVP40 virion proteins were analyzed by SDS–PAGE
(Fig. 1a). Five major bands with molecular sizes above 20
kDa were found. By analogy with the case in coliphage
T4 (Laemmli, 1970), the most abundant protein (indicated
by an arrow) was assumed to be Mcp. The apparent
molecular size of this protein was about 48 kDa. Local-
ization of the presumed Mcp to the phage head was
subsequently confirmed by immunogold electron micros-
copy using Abs specific for the protein (Fig. 2). The
N-terminal aa sequence of the KVP40 Mcp was deter-
mined and compared with the corresponding sequence
of gp23*, the major capsid protein of T4 (Parker et al.,
1984). An alignment (Fig. 3) demonstrated about 50%
identity between the two sequences.
KVP40 mcp gene
The mcp gene of KVP40 was cloned and sequenced.
Plasmid p40-10 had a 2302-bp insert derived from the
KVP40 genome. Within the insert, an open reading frame
most likely to be mcp gene was identified. The mcp gene
started at an ATG codon, included 1542 nucleotides
equivalent to 514 amino acids, and stopped before two
tandem stop codons, TAA TAG (data not shown). The
orientation of the mcp gene was the same as that of the
lactose promoter, Plac, which had been incorporated in
the pUC18 vector.
Product of the mcp gene
The deduced aa sequence for the product of the mcp
gene is depicted in Fig. 4. Calculated molecular mass of
the product was 54,685 Da, which was significantly
larger than the size of Mcp, 48 kDa, estimated by SDS–
PAGE (Fig. 1a). Comparison of sequences in Figs. 3 and
4 indicated that the mcp gene actually encoded a pre-
cursor protein, pro-Mcp, whose 62 N-terminal amino
acids must be removed upon maturation to Mcp. Mcp,
thus, will consist of 452 aa residues with a calculated
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molecular mass of 47,561 Da, which is close to the 48
kDa indicated in Fig. 1a. The situation is entirely analo-
gous to that observed with T4; 65 N-terminal amino acids
of gp23 are removed to generate mature gp23* (Parker et
al., 1984). In addition, the Leu-X-Glu sequence at the
cleavage site of KVP40 pro-Mcp conforms well to the
consensus for recognition sites of T4 prohead protein-
ase, which is responsible for processing many T4 pro-
head proteins (Black et al., 1994).
In accordance with these observations, E. coli JM109
harboring plasmid p40-10 synthesized a protein, which
was reactive with the anti-Mcp Abs, but had a molecular
size of about 54 kDa (Fig. 1b). It was notable that a
significant amount of the protein was produced even in
the absence of IPTG.
Sequence similarity between pro-Mcp and T4 gp23
The deduced aa sequence of KVP40 pro-Mcp was
compared with the reported aa sequence of T4 gp23
(Parker et al., 1984). An alignment (Fig. 4) showed 59.9%
identity and 88.4% similarity between these sequences.
For the mature proteins, KVP40 Mcp and T4 gp23*, the
same sequences exhibited 61.8% identity and 89.7% sim-
ilarity. A separate analysis indicated that the KVP40 mcp
gene and T4 gene 23 were 64.4% similar with respect to
their nt sequences (data not shown).
DNA regions flanking the mcp gene
Nt sequences of regions flanking the mcp gene are
shown in Fig. 5. As expected, a putative ribosomal bind-
ing site sequence, TAAGGA, with a 9-nt spacer sequence
preceded the mcp gene. An octamer, TATAAATA, identi-
cal with the typical T4 late promoter sequence (Williams
et al., 1994) was present 39 to 46 bases upstream of the
mcp gene, suggesting that similar mechanisms of late
gene expression are operating in these two phages. In
the same region, a pair of early promoter-like sequences
was also seen, of which the significance in the expres-
sion of the mcp gene is uncertain. Downstream from the
mcp gene, a GC-rich region consisting of 18 nucleotides
of dyad symmetry with a string of 5 Ts was observed. The
sequence of this region was very similar to that de-
scribed for rho-independent transcription terminator fol-
lowing T4 gene 23 (Parker et al., 1984).
DISCUSSION
The present study shows that Mcp of KVP40 is fairly
similar to the equivalent protein, gp23*, of coliphage T4
and also that these two phages have a common late
promoter sequence, TATAAATA, in their genomes, which
possibly controls the expression of the KVP40 mcp gene
as well as T4 gene 23. These results, therefore, strongly
suggest that KVP40 and T4 are phylogenetically related
to each other and may share a common ancestor.
On the one hand, KVP40 differs from T4 and the so-
called T4-related phages (Kutter et al., 1996) in several
important aspects. KVP40 has a more prolate head (ca.
140 3 70 nm; Matsuzaki et al., 1992a) than T4 (111 3 78
nm; Ackermann and DuBow, 1995) and contains a much
longer DNA (ca. 250 kb as determined by pulsed-field
agarose gel electrophoresis; Matsuzaki and Tanaka, un-
published) than T4 (171 kb; Mosig and Eiserling, 1988).
KVP40 DNA is susceptible to many restriction endo-
nucleases (Matsuzaki et al., 1992a), indicating that it may
not be extensively modified like T4 DNA (Mosig and
Eiserling, 1988). KVP40 and T4-related phages multiply
on different groups of bacteria, vibrios for the former and
enterobacteria for the latter, although these bacteria
themselves are related to each other (Baumann and
Schubert, 1984).
FIG. 1. (a) SDS–PAGE of KVP40 virion proteins. Arrow indicates
presumed Mcp. (b) Immunoblotting for Mcp (lane 1) and pro-Mcp (lanes
2 and 3) using affinity-purified anti-Mcp Abs. Proteins were obtained
from KVP40 virions (lane 1), and E. coli JM109 (p40-10) cells grown in
the absence (lane 2) or presence (lane 3) of IPTG.
FIG. 2. Immunogold electron microscopy of KVP40 virions probed
with purified anti-Mcp Abs. Negative stain with ammonium molybdate
in ammonium acetate. Bar, 100 nm.
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KVP40 would be the first example of phages that are
related to, but are morphologically distinct from,
phages of the well-known T-even lineage. We have
isolated another vibriophage, KVP20, which was mor-
phologically indistinguishable, but clearly different in
host specificity, from KVP40. Mcps of these two
phages exhibited 97.1% similarity, indicating that
KVP20 is a much closer relative of KVP40 than T4
(Matsuzaki and Tanaka, unpublished). Other possible
candidates for close relatives of KVP40 have been
described in the literature, e.g., Aeromonas phages 65
and Aeh1 and Vibrio phage nt-1, which are morpho-
logically similar to T-even phages, but have relatively
longer heads (Ackermann et al., 1985).
In the course of preparation of this article, Monod et
al. (1997) reported a group of ‘‘pseudo-T-even’’ bacte-
riophages. These phages, including coliphage RB49,
are morphologically very similar to, but genomically
quite distinct from, classical T-even phages. Interest-
ingly, the aa sequence of RB49 Mcp is 69% similar to
that of T4 gp23*, which may be an indication that RB49
is phylogenetically intermediate between T4 and our
KVP40.
MATERIALS AND METHODS
Phage, bacteria, plasmids, and growth medium
Phage KVP40 was propagated on Vibrio parahaemo-
lyticus 1010 (RIMD 2210001) in YP medium at 30°C.
Virions were purified by CsCl density gradient centrifu-
gation (Matsuzaki et al., 1992a). Plasmid pUC18 and its
host E. coli JM109 were obtained from Takara-Shuzo.
JM109 and its derivatives were grown in 23 TY medium
with or without 1.5% (w/v) agar at 37°C (Ausubel et al.,
1995). Where required, the medium was supplemented
with 100 mg/ml ampicillin (23 TYA medium) and 1 mM
IPTG.
Anti-Mcp antibodies (Abs)
An anti-KVP40 serum was obtained by immunizing a
rabbit with purified KVP40 virions. Abs specific for KVP40
Mcp were then prepared according to the affinity purifi-
cation method described by Sambrook et al. (1989).
Immunogold electron microscopy
Procedures were essentially those described by Lub-
bers et al. (1995). Purified virions applied to a copper grid
were incubated with the anti-Mcp Abs for 30 min at 37°C,
washed, and then treated with gold-conjugated goat anti-
rabbit IgG Abs (20-nm particle size, Zymed Laboratories)
for 1 h at 37°C. The sample was negatively stained with
1% (w/v) ammonium molybdate in 0.1 M ammonium ac-
etate (pH 7.2). Electron micrographs were taken in a
Nihon-Denshi JEM-1200EX electron microscope.
FIG. 3. Limited N-terminal aa sequence of KVP40 Mcp determined by
Edman degradation. A comparison with the corresponding sequence of
T4 gp23* (Parker et al., 1984). Identical and similar amino acids are
indicated by asterisks and dots, respectively. X, unidentified.
FIG. 4. Sequence alignment of KVP40 pro-Mcp and T4 gp23 (Parker et al., 1984). Symbols are the same as for Fig. 3. The vertical line corresponds
to cleavage sites in processing.
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SDS–PAGE
Procedures were the same as those described previ-
ously (Inoue et al., 1995a) except that (i) the heated
sample was filtered by centrifugation in a SpinBind mi-
crotube (FMC BioProducts) to remove DNA, (ii) proteins
were stained with 2D-silver stain II (Daiichi Pure Chem-
icals), and (iii) size markers were silver stain SDS–PAGE
standards (Bio-Rad Laboratories).
Immunoblotting
Immunoblotting for detecting Mcp or its precursor,
pro-Mcp, was carried out with the anti-Mcp Abs pre-
pared as above. Other methods were described (Inoue et
al., 1995a). Size markers were prestained SDS–PAGE
standards (Bio-Rad Laboratories).
N-terminal aa sequencing
N-terminal aa sequence of Mcp was determined by
Edman degradation according to the procedures de-
scribed previously (Inoue et al., 1995b).
Cloning of the mcp gene
Procedures for gene cloning were essentially the
same as those described previously (Inoue et al., 1995b).
KVP40 DNA was partially digested with Sau3AI and the
resultant 2- to 4-kb fragments were ligated to pUC18 at
the BamHI site. E. coli JM109 cells were transformed by
the ligates and the transformants were spread on 23
TYA agar plates containing IPTG. Colonies were repli-
cated on a nitrocellulose membrane and immunopositive
clones were screened with the affinity-purified anti-Mcp
Abs. A representative plasmid encoding Mcp was des-
ignated p40-10.
DNA sequencing
Procedures were basically the same as those de-
scribed (Inoue et al., 1995b). Plasmid p40-10 was dou-
bly digested either with SacI and SmaI or with SalI and
SphI. Nested deletions were then constructed with
exonuclease III and S1 nuclease. Sequencing was
performed by the dideoxy method using PRISM ready
reaction DyeDeoxy terminator cycle sequencing kit
(Applied Biosystems). Both strands were sequenced
with the aid of two synthetic primers, M13 primer M3
and M13 primer RV (Takara-Shuzo). Sequences were
analyzed with Genetyx programs (V7.3, Software De-
velopment). For sequence comparison, GenBank da-
tabase (Release 98) was used. Amino acid similarity
was judged according to Dayhoff’s MDM78 table
(Gribskov and Devereux, 1992). The DDBJ/EMBL/Gen-
Bank accession number for the sequence reported in
this paper is D83518.
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